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ﬁisures referred to herein are appsnded_.,7

We studied the constitution diagras of ternar; cystem Al-Mg-1i by thermio
analyeis for the case of constant Ii, and veriavle Al and Mg, and by miorophoto-
graphs structure. In addition to variable Al and Mg, vwe studied two coampoeition
ranges betveen points A;L;Lg,‘ - AlL1 and Al - MgpLi on the constitution diagram.
Beside thermic analysis and microstructure, we studied hardness » conductivity,
and seversl other properties. To provide a basic for the purticular conclusione
reached as to aystem Al-Mg-Li, we shall begin with a short dessription of “croes
scotions” {the term we shall use for campositions varying ia Al and Mg and
constant in L1, as indicated on s constitution diagram).

Cross Section With 5 Atomic Percent Li

Duata or the thormic anelya.s of this cross smction is sraphically reprsseantec
4 Figare 1. It 18 evident from the diagram that a vertical plane parallel to
Al-Mg for the case of 5 ataic percant Li intersects three regious of initisi
crystailigation and forms with the surface a liguidus of three brinchee:
A8, BCD, and DE. On dbranch AB, crystallization ocours in phase V (a teraary solid
solution of Al and L1 ‘n Mg). On branch E.D, it ir phase IV fa ternary sclid
soluticn of compound Al Mg, vith 11 and its resaining compoments), 213 an
tcgach DE it 1s phase T'(a ternary solid solutiom of g and Li in Al). Prae
I.I with 1ts ovn region of initial aryetaliization Lza no bearing on the study of
mixtrre.
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To stndy the micreostructure of this composition, specimens wore prepared

. at 1 - 2 percent and after suitable thermal processing were anmalyzed under a

metal microscope.’ Such researsh established that, at 425° and high temperatures,
alloys in the cemiral part comprissd cmly two pheses: phese II correspconding

to the beta-phase of binary systen Al-Mg, and phase IV (a terpary solid
solution of compound Al3ugh with L1 end the rem~ining components of this
compound) . When cooled”’to rocm tempersture, the alloys likewiase comprised only
these two pheses. Alloys quenched at 390° revealed a third phsse (III) in
addition to the phases mentiocned. As the data from thermic emalysis does

not bring out this phase and, furthermore, as 1+ is not among the alloyy
quenched at 425° or among the tempered alloys, it is obvicusly formed in the
solid state of phase IV and disappears with decre=se in temperature.

Photographs 1, 2, and ? represent the microstructure of heterogensous
alloys with the initial precipitation of a solid aluminum solution. Photo-
graphe 4 and 5 show the microstructure of a solid adlution corresponding to the
beta-phase.of binary system Al-Mg, Photographs 6, 7, and 8 again shovw the
hetérbganequa structure of a mixture of phssse IV 4 ITI. Photographs 9 to 13
show the structure of phase IV of the trinery solid solution forming the compound
AlzMg) vith L3 and remaining components. All thess are structurss of tempered
alicys.r Photographs 1. <o 19 show the microstructure of alloys of this

. section quemched ‘at 420°,

Crosa:Sections With 10 and 15 Atomic Percert Li

Constituticr diagrams of these cross sections sre given in Figure 2. It
18 clear from the diagrams, that the croes section with 10 atomic percent Li
18 not new in principle as compared with the foregoing crose section.

In the cometitution diagram, the vertical plane, cutting the spatial
temperatvre "model” of the ternary system parellel to Al-Mg with 10 atomis
percent L1, passes in the central part through the same three rsgions of
initlal cryetpllization as did the cross secticn with 5 atomic perceat Li,
with the sole difference that region of ternary solutions of compound
Al;Mg), is comparatively narrowe¥ in this crosa section, and somewhat out of line
vith the ride toward the binery system Al.L: as may be see. from Figure 3.
The cross sectiawith 15 aicmic percent .. passes through the same three
regions of initial orystollization as the first two. However, thic cross
section alread; indicates <that there 18 in ternary system Al-Mg-Li,
beside the coubjnationu peculiar to sscondary aystems, & peculiar ocompound
of its own irherent in ternmry systems alme. In fact, during the period of
Joint orystallization along thé boundary line of phases I and IX, when the
temperature drops to 5020, phase IX due to interaction with the liquid matrix
produces phase X, a new chemical comprund, and disappears itself. Yhe
disappearance cf phase II is 2lso characteristic of a cross section with 15
atomic percent Li.

Photographs 20 to 27 show the nicroetructures of tempered alloye in the
central part of a cross section with 10 atomic percent Li. The study
of microstrncture afforded sufficiently camvincing groof thet 4‘hese alloys
have twc phaevs, IV and II. For alloye quencued at 375°, enother alloy
vith L0 percgit Mg seemed to have a moonphase, The miciostruuiure of allays
quenched at &0 (nhotographs 28 to 35) again indicated the exiutamce of
<uly one phase. Photographe 3€ und 37 show the typical diphase structures of
this section. The micr~atructure of alioys in the section with 15 atomic percent
Li ie shown in photographs 38 to Ll for a quenchud temporature of 3700,

TLre, a comparative study of microstructures and of the data of tharmic
analynis of croos ssctions with 10 and 15 atomic percent 14 demcnstrates ihat

the pheses II, III, and IV enter by meana of long narrow vedges, deep into ths
prism of the tarnary ayetem, end the presence of phases II and IIY can also be

-2 .
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affirmed in cross sections with 15 atcomic percent Li. It is true that in cross =%
gections with 15 atomic psrcent LI, we di1d not succeed with the aid of micro-

photographs in adducing very convincing arguments for the presence of phase III, g
But ve had generally little luck with the microstructure of this cross section. v 4

) The alloys have proved excepticually friabls, and despite every effort, we did
i not succeed In obtaining good specimens to show the presence of ‘this phase,

Croes Sections With 20 and 20 Atomic Percent Lj

Therni.c-analysis data an these cross ssections are represented by graphs
in Pigures U4 and 5. The princ¢ipsl interest in crosa sections with 20 atomic
percent Li is the complete ebsence of the range of soiid solutiome in the .
: oentral pait of the constitution diagrams of the twa previous cross ssctions, R,
A "'and the sxistence of a fourth branch of the curve of the intersecticn of
" liquidus gurface with the vertical plane, pagsing through 20 atomic percent L1,
» Dparallel to Al-Mg. Cn branch AB in thie cross section, crystallization occurs
in phase V a ternary solid eolution of a compound of Al and Li in Mg, and ou
branch BC, a s0lid ternary golutiocn of the compound Al;bg with Li and remaining
components. On branch CD, crystallization first ocoura ik the ternary intermetsllic 5
chemical compound dimcovered by us, namely phase X, On branch DE, a phase (I) ’
of a ternary solid solution of Mg and L1 in Al is crystallized firat.

The croés section with 30 atomic percent of Ii again forme with the .
liquidus surface a curve consinting of only three branches, namely AB, BC, and b
€D, Corregponding to branch AB in this cross section is the imitial orystalli.
zation of phase VI, a terpary intermetallic compound. ©On branch CE, crystal-
lization cccurs:. in phase IX. In regard.to the absence of solid solutions
in the rentral part of this cross section, study of the mirrostructure is of
interest only from the standpoint of binary system Mg-Li. . Photographs
42 and 43 show the boundaries of termary solid solutions formed by the
combination of MgoLi with Al and remaining components.

Cross Sectiocns With 50 and 60 Atomic Percent li

Cross sections with 50 and 60 atomic percent Li are mch simpler than the
foregoing ones. The former (Figure 6) is a typical yuasi-binary croes section.
It pasees {hrough two regions of initial cryetaliization. On branch AB, a ternary
solid solution is isolated on the base of a MgpLi compound, ar® on branch BC,-
phase IX. A croes section with 60 atomic percent Li (Figure 7, forms a liquidue
curve vhich is alsc composed of two branches. The initial crystallization of
phase V1 corresponds with branch AB. Phase IX is isolated on branch KC.

Croas Sectl.me AloMg) - AILL and Al - Mgs1d ' LR .

ki : Data from thermic analysis of croas secticns, parallel to Al-Mg are
represented by graphs in Figurcs 8 and 9. The cross section Al th - A111
proved to be of apecial importance in solving the problem of the comstitution
diagram of system Al-Mg-Li. At the intersection with the liguidus surfece, this
cross section shows a curve consisting of three branches AB, BC, and CD. The
phese of initial orystallization proper to its branch corresponds to each of
these branches. rhagse IX, & ternary solid solution of the compound AlLi with
Mg and remaining componenta .f the compound, is isoiatsd on btranch CD. When i :

‘ the temperature drups to the point C, phase IX Beis upy an interactian with e ‘

the liquid alloy, and Ly peritectic reaction at temperature 527° forme .
& new phese X. At this temperature, thers 1s equilibrium: liquid + phase X, {I
IX. Hence, in aczcordance with the phage ruls ¥ = ni¢l-b o 241-% = O the temperature.

canrot v changed 80 long &3 phase IX dues not disappear in cooling or phese
X, in heating. An initiel 1solation of +he new phaas X occurs om branch CB
since the phase is airaady stable at the temperstures ncrresponding tc this
branch. When a temperatvre of 477° is reachei, phase X ir turn sets up an
interaction with ths liquid melt and produces phase IV.

X -
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A question now arises: On the base of what trinary intermetallic
sl compound is phase X formed? Tt mar ba assumed with the highest degree of
M ‘ e probability that thie phase is formed on the base of the ternary intermetallic
: campormd Alfng Li, melting and digsolving at 527°, since the region of its s
occurrence 1s very close to the point corresponding to 50 atomi¢ percent, 25
bercent Mg and 25 percent Li. From the congtitution diagrem of thie sectiom,
1t 1s clear that phase IV ocours st 20 atomtc percent Li. Thus, the dsts
obteined for thie sectlon confirm the results obtalned on the besis of cross
sections parallel to Al-Mg., In regard to this cross sestion, it should be
noted that, as a result of the loss in lithium, 1t proves to have a 8light
displacement toward the Al iy side, and does not lie strictly in the section

e AlsMg, -A3LS .

In regard to the cross section A} -Mgpli, 1t 1a clesr from figure 9 that
this crogs sestion intersects the ligquicus surface o & curve camposed of
four branches. As we might expect from the given cross ssctions narallel
to Al-Mg, phese VI 16 crystallizesd firat on branch AB, and phase X, en
branch BC, Branch CD is reepcneible for the isolation of phess IV s #nd phase
I ie. 1@olatéd on branch DE, Thue, this cross section also confirma the data »
dequired o the basis of cross ssctions Parallsl to Al-Mg.

. ~On:'the basis of the above data from thermic analygis and microgtructure, we
" liave mede comstitution 8lagrams of system Al-Mg-Li. A statememt of the problem
of comp*ructing a constituticn dlagran of ternary system Al-Mg-Li will be made
ina sabseguent report.

Conclusions

A8 a result of our research work on croas sections of system Al-Mg-L1, 1t
has been established that cross sections with 5 and 10 atcmic percent L1 have

Cross sections with 15, 20, and 70 atomic percent Li indicate the presence
in the ternary system of its own ternary intermetallic campound, peculiar
to this system only. A cross section with 50 atomic percent Li 1s a simple
binary eystem with two branches of a liquidus curve passing through two
fields of Snitial i1solation. A crosa section with 60 atomic percent Li
likevise conprises only tvo branches. The data from thernic analyete in
research wore confirmed by a study of the structure of the alloys.

The results of studying the syetem by croes sections, parallel to
vhe Al-Mg side, were confirmed by the study of crose sections: AlBMgu -
AlLi ar 5 - MgpoLi. :
ﬁ'orty-one photographs of alloy structure are not reprodnced_.7

ﬁppended figures follow_.] -
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